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GHYLFHVWRLQFUHDVHWKHHIILFLHQF\RIUDLOZD\V\VWHPVE\VWRULQJHQHUJ\ZKLFKLVJHQHUDWHGZKLOHEUHDNLQJZLWKKHOS
RISRZHUHOHFWURQLFFRQYHUWHUVDQGDOVRVPRRWKHVRXWWKHORDGWUDQVLHQWV:LWKWKHDGYDQFHPHQWRIWHFKQRORJ\DQG
SRZHUHOHFWURQLFVDORQJZLWKWKHVWRUDJHV\VWHPVUDLOZD\VDUHQRWDQ\PRUHMXVWSDVVLYHORDGVEXWLIFRQVLGHUHGDVD
SDUW RI D ODUJHU SLFWXUH LH D 0LFURJULG WKH\ DUH DFWLYH HOHPHQWV SDUWLFLSDWLQJ LQWR WKH ORDG PDQDJHPHQW DQG
GHPDQGVRIWKHQHWZRUN>@:LWKWKHULVLQJFRQFHUQDERXWWKHHIILFLHQF\DQGHQYLURQPHQWDOLPSDFWRIUDLOZD\VLW
KDVEHFRPHVLJQLILFDQWWRXVHWHFKQLTXHVIRUFRQYHUWLQJPHFKDQLFDOHQHUJ\RIUDLOZD\VLQWRHOHFWULFDOHQHUJ\GXULQJ
EUDNLQJ XVLQJ UHJHQHUDWLYH EUDNLQJ 'XULQJ WKH EUDNLQJ SHULRG WKHUH DUH WZR RSWLRQV DYDLODEOH (QHUJ\ GXULQJ
EUDNLQJFDQEH WUDQVSRUWHG WRDQRWKHU WUDLQZKLFK LVFRQVXPLQJSRZHUZKLOHDFFHOHUDWLQJDQG WKHRWKHUZD\ LV WR
GLVVLSDWHWKLVHQHUJ\LIQRRWKHUWUDLQLVDYDLODEOH7RJHWDQHIILFLHQWV\VWHPZHFDQRUJDQL]HWKHWUDLQVFKHGXOHVLQ
DQ RSWLPL]HG IDVKLRQ :LWK DGYDQFHPHQW LQ WKH ILHOG RI SRZHU HOHFWURQLFV RQ ERDUG VWRUDJH GHYLFHV KDV EHHQ
GHYHORSHGZKLFKLQFUHDVHVWKHHIILFLHQF\RIWKHV\VWHPHYHQPRUH,QRUGHUWRIXUWKHULQFUHDVHWKHHFRQRPLFHIIHFWV
UHODWHG WR HQHUJ\ IORZV RI WKH UDLOZD\ V\VWHP LW LV QHFHVVDU\ WR LPSOHPHQW D KLJKHU FRQWURO V\VWHP WR WDNH LQWR
DFFRXQW WKH SRVVLELOLW\ RI GLIIHUHQW HOHFWULFLW\ SULFHV WKURXJKRXW WKH GD\ RU FKDQJLQJ DFFHSWDEOH SRZHU H[FKDQJH
OHYHOVLPSRVHGE\WKHSRZHUXWLOLW\:LWKWKHKHOSRIPLFURJULGVWKHLQWHJUDWLRQRIUDLOZD\V\VWHPZLWKH[LVWLQJJULG
KDVEHHQPRUHRSWLPL]HGWKDQHYHU,WKDVEURXJKWSRVVLELOLW\RIG\QDPLFDORSWLPL]DWLRQRIWKHUDLOZD\V\VWHPWRWDO
SRZHU FRQVXPSWLRQ E\ PHDQV RI GLVWULEXWHG UHJHQHUDWLYH EUDNLQJ UHQHZDEOH HQHUJ\ VRXUFHV DQG VWRUDJHV $
PLFURJULG VWUXFWXUH LV IRUPHG ZLWK UDLOZD\ V\VWHP VXSSO\ VXEVWDWLRQ ZKHUH WUDLQV ZKLFK DUH EUHDNLQJ DFW OLNH
GLVWULEXWHGVRXUFHVDQGWKHHQHUJ\VWRUDJHV\VWHPVDUHSUHVHQWLQWKHVXEVWDWLRQ7KHWDVNRIPLFURJULGFRQWUROKHUH
ZLOO EH WR GHWHUPLQH WKH HQHUJ\ H[FKDQJH ZLWK JULG VWRUDJH HOHPHQWV DQG WUDQVIHU EHWZHHQ DFFHOHUDWLQJ DQG
GHFHOHUDWLQJWUDLQV$VLW¶VSRVVLEOHWKHUHPD\EHDSULFHSURILOHIRUWKHXWLOLW\FRQVXPSWLRQ7KLVPXVWDOVREHWDNHQ
LQWRDFFRXQWE\WKHPLFURJULGIRURSWLPDOHFRQRPLFRSHUDWLRQ,WQHHGVWRDFFRXQWIRUWKHFXUUHQWVWDWHRIWKHVWRUDJH
V\VWHPDQGPXVWEHDEOHWRPDNHGHFLVLRQVRQIURPZKHUHWRWUDQVIHUWKHSRZHU$VGLVFXVVHGHDUOLHUZLWKKHOSRI
WUDLQ VFKHGXOHV ZH FDQ IXUWKHU RSWLPL]H WKH UXQQLQJ FRVW RI WUDLQV > @ 0RGHUQ $UWLILFLDO ,QWHOOLJHQW $,
WHFKQLTXHVKDYHPDQ\DSSOLFDWLRQVLQYDULRXVDUHDVRISRZHUV\VWHPV$GDSWLYH$,FRQWUROOHUVDQGRSWLPL]HUFDQEH
FRPSDUHGZLWKFRQYHQWLRQDORQHVWRVKRZWKHLUHIIHFWLYHQHVV3DUWLFOHVZDUPRSWLPL]DWLRQ362LVFRQVLGHUHGDVDQ
HYROXWLRQDU\PHWKRGZLWKHPHUJLQJLQWHOOLJHQFHWRZRUNRQVHDUFKLQJWKHJOREDORSWLPDOVROXWLRQVZLWKIOH[LELOLW\
LQVLGH WKH SUREOHP VSDFH > @ 362 UHDOL]HV UHPDUNDEOH LPSDFWV ZLWK HIIHFWLYH XQLYHUVDO SURSHUW\ WKDW LV
LQGHSHQGHQW LQ VROYLQJ GLIIHUHQW QXPHULFDO RSWLPL]DWLRQ SUREOHPV 7KHUHIRUH WKH SRVLWLYH RSWLRQV IURP 362
DSSOLFDWLRQFDQEHREWDLQHGWRSURSHUO\VHOHFWDQGFRQWURO0*&&SDUDPHWHUV7KHV\VWHPUHVSRQVHIRUWKHRSHUDWLQJ
FDVHV ZLWK UHODWHG0*&& SDUDPHWHUV ZLOO VKRZ WKH HIIHFW WR JHW WKH VLJQLILFDQW VHWWLQJ RI WKRVH SDUDPHWHUV WR
HQKDQFHWKHUHVSRQVH:LWKRXWDGDSWLQJWKH0*&&SDUDPHWHUVZHPD\ORVVWKHEHQHILWVWKDWFDQEHREWDLQHGIURP
LQVWDOOLQJ WKH0*&&ZKHUH WKDW PD\ LPSDLU WKH V\VWHP UHVSRQVH0*&& KDV EHHQ YDOLGDWHG IRU HQKDQFLQJ WKH
SHUIRUPDQFHRIWKH0*ZLWK'(5V
 0*'HVLJQDQG&RQILJXUDWLRQ
7KHGHVLJQRI0*ZLWKKDUGZDUHGHPRQVWUDWLRQVLVSUHVHQWHGLQ(QHUJ\6DIHW\DQG&RQWURO/DERUDWRU\(6&/
8QLYHUVLW\RI2QWDULR ,QVWLWXWHRI7HFKQRORJ\ 82,77KHGHVLJQRI0* LQFOXGHV0LFUR*DV WXUELQH+\GURJHQ
IXHOFHOO:LQG7XUELQH:73KRWRYROWDLF399DULRXVW\SHVRI'&DQG$&ORDGVDUHSUHVHQWHGVXFKDVUHVLVWLYH
ORDGVPRWRUL]HGGFVHULHVPRWRUORDGVOLQHDU$&ORDGVQRQOLQHDU$&ORDGVDQGWKUHHSKDVHLQGXFWLRQPRWRUL]HG
ORDGV)LJVKRZV0*FRQILJXUDWLRQLQFOXGLQJWKHDUFKLWHFWXUHRIWKH0LFURJULGFHQWUDOFRQWUROOHU0*&&,QWKLV
FDVH 0*&& PDQDJHV WKH IORZ RI SRZHU DQG GHWHUPLQHV ZKLFK VRXUFHV WR EH XVHG WR PHHW WKH GHPDQG RI
WUDQVSRUWDWLRQORDGDQGDOVRGHWHUPLQHVWKHDPRXQWRISRZHULQMHFWHGE\WKHPLFURVRXUFHVWRWKHJULG$VVKRZQ
WKHUHDUHWZRSDWKVIRUSRZHUIORZIRUPLFURVRXUFHV2QHSDWKLVIRUSRZHUIORZIURPWKHPLFURVRXUFHVWRWKHJULG
RUWRWKHWUDQVSRUWDWLRQORDGDQGLVQDPHGDVDQGLQWKHILJXUHDQGWKHVHFRQGSDWKLVIRUZKHQWKHPLFURVRXUFHV
GRQ¶WKDYHHQRXJKSRZHUWRPHHWWKHLUORFDOORDGDQGQHHGSRZHUIURPWKHJULGDQGLVQDPHGDVDQG)RUWKH
VXEVHTXHQWRSHUDWLRQRIGLIIHUHQWSDWKVDWKUHHSKDVHEUHDNHULVSURYLGHGLQHDFKSDWKZKRVHRSHUDWLRQLVJRYHUQHG
E\ WKH 0*&& $OVR WKH SRZHU LQMHFWHG E\ WKH PLFUR VRXUFHV LV FRQWUROOHG E\ 0*&& DV 0*&& SURYLGHV WKH
UHIHUHQFHVLJQDOWR34FRQWUROOHUVDWWDFKHGWRWKHFRQYHUWHUV6LJQDOVDUHQDPHGDVSYBUHIDQGZLQGBUHI

7KDW0*KDVGLIIHUHQW$&'&'(5XQLWV WKDWDUHVXSSO\LQJGLIIHUHQW$&DQG'&ORDGV7KH$&VRXUFHVDUH
'),*ZLQGWXUELQHJHQHUDWRUDQGPLFURJDVWXUELQHJHQHUDWRU7KH'&VRXUFHVDUHEDWWHU\IXHOFHOOVWDFNEDVHGRQ
+\GURJHQ DQG 39 DUUD\V )RU IXOO RSHUDWLRQ XWLOL]DWLRQ WKHUH DUH ERRVW FRQYHUWHUV$&'&'&$& DQG'&'&
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FRQYHUWHUVDUHFRQQHFWHGWRWKHPLFURJULG

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 2SHUDWLRQRI0*&&
7KHRSHUDWLRQRI0*&&FDQEHVXPPDUL]HGEDVHGRQWKHIROORZLQJSRLQWV
 $V VWDWHG HDUOLHU WKH FHQWUDO FRQWUROOHU PDNHV GHFLVLRQV E\ WDNLQJ LQSXWV RI ORDGV GLIIHUHQW UDWHV RI
HOHFWULFLW\GXULQJGLIIHUHQWSHULRGVRIWKHGD\
 7KHIROORZLQJIORZFKDUWH[SODLQVKRZWKHFHQWUDOFRQWUROOHUWDNHVGHFLVLRQV
 6LQFH WKHUDWHRIHOHFWULFLW\GLIIHUVIRUGLIIHUHQW WLPHRG WKHGD\VR WKH0*&&VWDUWVE\FKHFNLQJZKLFK
WLPHLVLWGXULQJWKHGD\DQGWKXVJHWVWKHLGHDRIWKHGLIIHUHQWUDWHVGXULQJGLIIHUHQWWLPHV
 ,WFRPSDUHVEHWZHHQ WKH UDWHVDQGVZLWFKHVSRZHUEHWZHHQ WUDQVSRUWDWLRQ ORDGDQGGLIIHUHQWVRXUFHV LH
JULG ZLQG WXUELQH VRODU FHOO WR PLQLPL]H WKH FRVW RI HQWLUH RSHUDWLRQ DQG JLYH PD[LPXP EHQHILW WR
HYHU\RQH
 )RUH[DPSOHGXULQJ$0WR$0JULGVHOOVSRZHUDWFHQWVN:KZKLFKLVWKHFKHDSHVWUDWHGXULQJWKDW
GXUDWLRQ6RWUDLQZLOOSUHIHU WREX\SRZHUIURPWKHJULGEXWGRLQJVRZLOORQO\EHQHILW WKHWUDLQDVZLQG
WXUELQHDQGVRODUFHOOZLOOEHVHOOLQJWKHLUSRZHUWRJULGDWDFKHDSHUUDWHWKDQWKH\ZRXOGKDYHVROGDWWRWKH
JULG


D'

Z/>tz
>K
hd/>/dz
'Z/
^K>Z
ZZz
t/E
dhZ/E
EZ'z
^dKZ'
>DEd
>K>
>K
>K>
>K
'Z/
>K
ϰ
ϭ
ϲ
ϱ
ϯ
Ϯ
>K>
KEdZK>>Z
>K>
KEdZK>>Z
>K>
KEdZK>>Z
>K>
KEdZK>>Z
)LJ*HQHUDODUFKLWHFWXUHRIWKHPLFURJULGFRQVLGHUHGZLWK0*&&

 6R0*&&VXSSOLHVSRZHUWRWKHWUDLQIRUWGXUDWLRQIURPWKHVRODUSDQHO1RWHWKDWDWWKLVWLPHVRODUSDQHO
LV JHWWLQJ EHQHILWWHG ,I WKH WUDLQ GHPDQG LV PRUH WKDQ VRODU SRZHU GXULQJ WKLV GXUDWLRQ LW VXSSOLHV
UHPDLQLQJSRZHUWRWKHWUDLQIURPJULG
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 6LPLODUO\ IRU W GXUDWLRQ LW VXSSOLHV SRZHU WR WKH WUDLQ IURP WKH JULG1RWH WKDW DW WKLVPRPHQW WUDLQ LV
JHWWLQJEHQHILWWHGLQWHUPVRIFRVWDVLWLVEX\LQJSRZHUDWWKHFKHDSHVWUDWH
 6LPLODUO\IRU WGXUDWLRQ WUDLQ WDNHVSRZHUIURPZLQG WXUELQHWKXVEHQHILWWLQJZLQG WXUELQHRSHUDWRUDQG
UHPDLQLQJSRZHUIURPWKHJULG
 1RWHWKDWLQWKLVVWXG\ZHKDYHFRQVLGHUHGWKDWDOORIWKHPLFURVRXUFHVHLWKHUVHOOSRZHUWRWKHJULGRUWR
WKHWUDLQDIWHUPHHWLQJLWVORFDOORDGUHTXLUHPHQW:HKDYHQRWFRQVLGHUHGVHOOLQJRISRZHUIURPRQHPLFUR
VRXUFHVLGHWRWKHRWKHUPLFURVRXUFHORDG
 6LPLODUO\GXULQJ$0WR30VLQFHEX\LQJSRZHUIURPVRODUFHOODVSULPDU\VRXUFHLVWKHFKHDSHVWRSWLRQ
IRUWKHWUDLQLHFHQWVN:KLQFRPSDULVRQWRFHQWVN:KIURPWKHJULGGXULQJ30DQGDOVRVHOOLQJ
SRZHUWRWKHWUDLQLVPRVWEHQHILWWLQJIRUWKHVRODUFHOOVLQFHWUDLQEX\VSRZHUDWWKHUDWHRIFHQWVN:K
DQGWKHJULGRQO\DWFHQWVN:K
 6RGXULQJWKLVWLPHVRODUFHOOEHFRPHVSULPDU\VRXUFHIRUWKHWUDLQDQGDIWHUWKHVRODUFHOOIDLOVWRPHHWWKH
WUDLQ GHPDQG WKHQ WUDLQ VWDUWV VZLWFKLQJ EHWZHHQ WKHZLQG WXUELQH DQG WKH JULG DV LWZLOO SUHIHU WR EX\
SRZHUIURPZLQGGXULQJRQSHDNEXWZLQGWXUELQHZLOOSUHIHUWRVHOOLWVSRZHUWRWKHJULG
 $OOWKHGHWDLOVRIWKHGHFLVLRQPDNLQJLVVKRZQLQWKHIORZFKDUWDERYH
 7RRSWLPL]HWKHFRVWRIRSHUDWLRQRQHQHHGVWRVHOHFWWKHRSWLPDOYDOXHVRIVZLWFKLQJSHULRGVWWWW
WHWF7KHVHYDOXHVRIWWWWWFDQEHRSWLPDOO\VHOHFWHGDIWHUWKHJULGZLQGWXUELQHDQGVRODUFHOO
GHFODUHWKHLUFRVWIRUWKHGD\
 7KHVHYDOXHVFDQEHWXQHGXVLQJDKHXULVWLFRSWLPL]DWLRQDOJRULWKP
 8QGHUWKHPLFURILWIHHGLQWDULIISURJUDPLQ2QWDULRWKHUHLVDPD[LPXPOLPLWRQWKHSRZHURQHFDQVHOO
WRWKHJULGDWDSDUWLFXODULQVWDQW
 )RUVRODUSDQHOVRQHFDQQRWVHOOPRUHSRZHUWKDQN:IURPDVLQJOHSDQHO6LQFHRXUV\VWHPFRQVLVWRI
WZRVRODUSDQHORIHDFKN:FDSDFLW\6RWKHPD[LPXPSRZHUWKDWFDQEHVROGIURPVRODUSDQHOVWRWKH
JULGLVN:
 7KXVZKHQVRODUSDQHOLVQRWVXSSO\LQJSRZHUWRWKHWUDLQDQGKDVSRZHUOHIWDIWHULWVORFDOORDGZKLFKLV
JUHDWHUWKDQN:WKHQDUHIHUHQFHVLJQDOQHHGVWREHVHQWE\0*&&WRWKHORFDO34FRQWUROOHUWROLPLW
WKHSRZHULQMHFWHGLQWRWKHJULGWRN:
 6LPLODUO\ IRUZLQG WXUELQHZKLFK LVRI WKHFDSDFLW\0:SRZHUVROG WR WKHJULGFDQQRWH[FHHGPRUH
WKDQN:DW DSDUWLFXODU WLPH0*&&DOVR VXSSOLHV D UHIHUHQFHSRZHU VLJQDO WR WKH34FRQWUROOHURI
ZLQGWXUELQHFRQYHUWHUWROLPLWWKHSRZHULQMHFWHGWRWKHJULGWRWKHUHIHUHQFHYDOXH
 6LPXODWLRQDQGUHVXOWV
7KHVLPXODWLRQUHVXOWVDUHGLVFXVVHGLQWKLVVHFWLRQIRUHDFKRIWKHFDVHVFRQVLGHUHGEHORZVHYHUDOGLIIHUHQWFDVHV
KDYH EHHQ FRQVLGHUHG GHSHQGLQJ XSRQ WKH WUDYHO WLPH UHTXLUHPHQWV )RU H[DPSOH D GLVWDQFH RI  NP FDQ EH
WUDYHOOHGLQHLWKHUPLQXWHVRUPLQXWHV,QHDFKFDVHGHSHQGLQJXSRQWKHWLPHSRZHUUHTXLUHPHQWE\WKHWUDLQ
ZLOOEHGLIIHUHQW6LPXODWLRQWLPHLVWDNHQDVVHFRQGV7ZRFDVHVRIWUDYHOWLPHVDUHFRQVLGHUHGDVVKRZQEHORZ
&$6(7UDYHOWLPHEHWZHHQWZRIL[HGVWDWLRQVLVNHSWDVPLQXWHV7KHVLPXODWLRQUHVXOWVREWDLQHGDUHVKRZQ
EHORZ
&$6(7UDYHOWLPHEHWZHHQWZRIL[HGVWDWLRQLVNHSWDVPLQXWHV7KHVLPXODWLRQUHVXOWVREWDLQHGDUHVKRZQ
EHORZ
)LJXUHEHORZVKRZVWKH6LPXOLQNPRGHORIPLFURJULG
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

)LJ$SRUWLRQRI6LPXOLQNPRGHORI0*ZLWK0*&&
7KHUHVXOWVREWDLQHGZLOOEHGLVFXVVHGEHORZ$FWLYHSRZHUGHPDQGRIWKHWUDLQLVVKRZQEHORZLQWKHILJXUHV
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)LJ$FWLYHSRZHUGHPDQGRIWKHWUDLQ)LJ3RZHUVXSSOLHGDQGFRQVXPHGE\WUDLQIURPGLIIHUHQWVRXUFHV
$VLWFDQEHVKRZQWKDWLQWKHFDVHRIWUDLQLVGUDZLQJSRZHUGXULQJSDUWRIWKHWLPHSRZHULVVXSSOLHGE\JULG
VRODUFHOODQGZLQGWXUELQH7KHVHLQWHUYDOVDUHGHFLGHGE\RSWLPL]DWLRQDOJRULWKP)RUQRZDURXJKRSWLPDOYDOXH
KDVEHHQHVWLPDWHG7KHIROORZLQJILJVKRZVWKHSRZHUVXSSOLHGIURPVRODUFHOOWRWUDLQ
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





)LJ$FWLYHSRZHUVXSSOLHGE\VRODUDUUD\WRWKHWUDLQ)LJ$FWLYHSRZHUVROGE\VRODUDUUD\WRWKHJULG
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
)LJXUHVKRZVWKHSRZHUVROGE\VRODUFHOOWRWKHJULG1RWHWKDWUHIHUHQFHSRZHULVVHWWRN:DQGWKHSRZHU
LQMHFWHGLVDOVRYHU\FORVHWRWKHUHISRZHU)LJXUHEHORZVKRZVWKHWRWDOSRZHUVXSSOLHGE\VRODUFHOO
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
)LJ7RWDO$FWLYHSRZHUJHQHUDWHGE\39FHOO)LJSRZHUVXSSOLHGE\WKHJULGWRVRODUSDQHO
)LJXUHVKRZVWKHSRZHUVXSSOLHGE\WKHJULGWRVRODUSDQHO)LJXUHEHORZVKRZVWKHUHIHUHQFHYDOXHVXSSOLHG
E\0*&&WRVRODUFHOO34FRQWUROOHULQSHUXQLW

)LJ7KHUHIHUHQFHYDOXHVXSSOLHGE\0*&&WRVRODUFHOO34FRQWUROOHULQSHUXQLW

)LJXUHEHORZVKRZVWKHSRZHUVXSSOLHGE\ZLQGWXUELQHWRWKHWUDLQ

)LJ3RZHUVXSSOLHGE\ZLQGWXUELQHWRWKHWUDLQ
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